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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

5 drawn to the possibility that some of the elements of this document may,be the subjec
ts. ISO shall not be held responsible for identifying any or all such patént'rights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

For an explanation on the voluntary nature of standards, the . meaning of ISO specific terms

expression
World Trad
URL: www

s related to conformity assessment, as well as information about ISO's adherence to
e Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follow
Liso.org/iso/foreword.html.

This docun

This secon
revised. It

The main d
5.1,es
Annex
Annex

Alist of all

hent was prepared by Technical Committee [SO/TC 43, Acoustics, Subcommittee SC 1, Noi

 edition cancels and replaces the first edition (ISO 17201-1:2005), which has been technic
hlso incorporates the Technical Corrigendum ISO 17201-1:2005/Cor 1:20009.

hanges compared to the previous edition are as follows:

the coplete document has been éditorially revised;

pecially Figure 3 and the.attached formula have been technically revised;
A (informative) "Smiall arms glossary" has been revised editorially;

B (informative),has been technically revised;

references have'béen updated.

partsin the ISO 17201 series can be found on the ISO website.

are
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not
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Any feedba

ck-or gquestions on this document shonld he directed to the nser’s national standards bo

complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The initiative to prepare a standard on impulse noise from shooting ranges was taken by AFEMS, the
Association of European Manufacturers of Sporting Ammunition, in April 1996 by the submission of
a formal proposal to CEN. After consultation in CEN in 1998, CEN/TC 211, Acoustics asked ISO/TC 43/
SC 1, Noise to prepare the ISO 17201 series.

To obtain reliable data for the prediction of shooting sound levels at a reception point, the energy of
sound emission produced by the muzzle blast is needed. The muzzle blast is produced by the propellant
gas expelled from the barrel of a weapon; in most cases the gas has a supersonic fluid speed. Close to the

mu
of t
of 1
blag
are
sou
sou

rzle, the sound pressure is very high and cannot be described with linear acoustics. Fort
his document, the non-linear region is defined by the observation of a peak sound’pre
54 dB or more. This document defines how the sound source energy and directivity of
t can be obtained from the measurement of sound exposure levels and how these meg
to be carried out. The source energy, its directivity and spectral structure can’be used :
hd propagation models for environmental noise assessment. This cannot be'used for calg
hd exposure levels close to the weapon, for instance to estimate injury to people or anim

he purpose
ssure level
the muzzle
surements
s input for
ulations of
hls.
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INTERNATIONAL STANDARD

ISO 17201-1:2018(E)

Acoustics — Noise from shooting ranges —

Part 1:
Determination of muzzle blast by measurement

1

Thi
cali
dist
are
thig
sho
sou

Thi
gun

Suppressors and silencers are not taken into consideration.irt+this document.

2

Thd
con
und

IEC
IEC

ISO
meq

For

ISO

Scope

5 document specifies a method to determine the acoustic source energy of theymuzz
bres of less than 20 mm or explosive charges of less than 50 g TNT equivalent. It is af
ances where peak pressures less than 1 kPa (equivalent to a peak sound préssure level
observed. The source energy, directivity of the source and their spectralrstructure detg
procedure can be used as input data to sound propagation programmes,‘'enabling the pj
bting noise in the neighbourhood of shooting ranges. Additionally, the ,data can be used {
hd emission from different types of guns or different types of ammuihition used with the

5 document is applicable to guns used in civil shooting ranges buit it can also be applied
s. It is not applicable to the assessment of hearing damage or<&ound levels in the non-line

Normative references

following documents are referred to in the, text in such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the.referenced document (including any amendmen

60942, Electroacoustics — Sound.calibrators

61672-1, Electroacoustics — Sound level meters — Part 1: Specifications

IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of und
surement (GUM:1995)

Terms and.définitions

the purposes’of this document, the following terms and definitions apply.

and IE€ Mmaintain terminological databases for use in standardization at the following aqg

e blast for
plicable at
of 154 dB)
rmined by
ediction of
0 compare
same gun.

to military
ar region.

Pir content
pplies. For
[s) applies.

ertainty in

dresses:

ISO Online browsing platform: available at https://www.iso.org/obp

31
sou

p

IEC Electropedia: available at http://www.electropedia.org/

nd pressure

difference between instantaneous total pressure and static pressure

Note 1 to entry: The sound pressure is expressed in pascals (Pa).

Note 2 to entry: Static pressure is the pressure that exists in the absence of sound waves.

Note 3 to entry: This definition applies to a medium allowing a non-zero mean flow in the atmosphere.
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Note 4 to entry: This definition is technically in accordance with ISO 80000-8:—1), item 8-2.2.

Note 5 to entry: For the definition of "static pressure" see ISO 80000-8:—, item 8-2.1, with the difference of
allowing non-zero mean flow.

3.2

sound pressure level

Lp

ten times the logarithm to the base 10 of the ratio of the square of the root-mean-squared sound
pressure, prms, to the square of a reference value, pg

Ly

Noteltoe
Note2to e
Note3toe
Note4toe
Note5toe

[SOURCE: I

mean-squared sound pressure, prms’; the wording “where the reference value, po, is 20 pPa” has b

removed; t

3.3

peak sounld pressure

Ppeak
maximum

Note 1 to enftry: The peak sound pressure is expressed in pascals (Pa).

[SOURCE: I
the word “

3.4

peak sounld pressure level

Lp,peak
ten times t
to the squa

L p,peak

191g7ms 4B

Po

ry: The sound pressure level is expressed in decibels (dB).

ry: The sound pressure is expressed in pascals (Pa).

ry: For sound in air and other gases, the reference sound pressure is given by pg = 20 pPa.
ry: The sound pressure level can be frequency weighted and time weighted.

ry: This definition is technically in accordance with ISO 80000-8—,<tem 8-15.

O/TR 25417:2007, 2.2, modified — “the sound pressuregp™has been replaced with “the r

he original NOTE 1 and 2 have been removed; Note 152/ 3, 4 and 5 to entry have been add
hbsolute sound pressure (3.1) during a stated time interval
SO/TR 25417:2007, 2.4, modified= The word “greatest” has been replaced with “maximtu

fertain” has been replaced with “stated”; NOTE 2 has been removed.]

re of the refenénce value, pg

2
12 péak
Po

=10Jg dB

M

pot-
een
ed.]

m;

he logarithm to-tlie base of 10 of the ratio of the square of the peak sound pressure, ppeak (B-3

(2)

Note1toe

Tl £, ] 3 H 1 20 D
Ty TIHCTCTCTCIIC T VAaTUC TS gTvVCIT Oy PU — ZU |L d.

Note 2 to entry: The peak sound pressure level is expressed in decibels (dB).

Note 3 to entry: Peak sound pressure should be determined with a detector as defined in IEC 61672-1; IEC 61672-

2 only speci

fies the accuracy of a detector using C-weighting.

[SOURCE: ISO/TR 25417:2007, 2.5, modified — The wording “where the reference value, pg, is 20 uPa”
has been removed; the original NOTE has been removed; Note 1, 2 and 3 to entry have been added.]

1) Under preparation.

2
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3.5

event duration

T

stated time interval, long enough to encompass all significant sound of a stated event

Note 1 to entry: The event duration is expressed in seconds (s).

3.6

sound exposure
ET

integral of the square of the sound pressure, p (3.1), over a stated time interval or event duration, T (3.5),
stafting at t1 and ending at t;

Ep= jpz(t)dt 3)

Not¢ 1 to entry: The sound exposure is expressed in pascal-squared seconds (PaZ2s):

[SOPURCE: ISO/TR 25417:2007, 2.6, modified — The original NOTE 1 to 4 have been removed; Note 1 to
entry has been added.]

3.7
sound exposure level

LT
ten times the logarithm to the base 10 of the ratio of the sound exposure, Er (3.6), to a reference¢ value, Eg

E
ZT 4B (4)
Eg

Notg 1 to entry: The sound exposure level is expressed in decibels (dB).
Notg 2 to entry: For sound in air and other gases, the reference value is given by Eg = 400 pPaZs.

Noteg 3 to entry: This definition is techrdically in accordance with ISO 80000-8:—, item 8-17.

[SOPURCE: ISO/TR 25417:2007, 2.7 modified — The original NOTE 1 to 3 have been removed; Note 1, 2
and) 3 to entry have been added!]

3.8
source energy

Q

totgl sound sourCe€nergy of the event

Note 1 to entfy:) The source energy is expressed in joules (]).

3.9
source energy level
Lo
ten times the logarithm to the base 10 of the ratio of source energy, Q (3.8), to the reference source
energy, Qo

Lop=101 L dB 5

0

Note 1 to entry: The source energy level is expressed in decibels (dB).

Note 2 to entry: The reference value is given by Qo = 10-12 J.

© ISO 2018 - All rights reserved 3
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3.10
angular source energy distribution

Sq(a)
acoustic energy radiated from the muzzle blast into the far field, per unit solid angle

Note 1 to entry: The acoustic energy radiated by the muzzle blast within a narrow cone centred on the direction
a (3.14) is:

_de
Sq(e)=1, ©)

Q it the sound energy (3.8);

Q0 i the solid angle expressed in steradians.

Note 2 to e:]:ry: The angular source energy distribution, Sq(a), is expressed in joules per stéradians (] sr-1).

Note 3 to enftry: Rotational symmetry is assumed around the line with a = 0.

3.11
interpolated angular source energy distribution

Sq(@)
q
continuouq function in a of the source energy distribution Sq (a) (3.10) derived by using a defined

interpolatipn method

Note 1 to enfry: The interpolated angular source energy distribution, §q (a) ,is expressed in joules per steraflian
(J sr1).

3.12
angular squrce energy distribution level

Lq(a)
angular solirce energy distribution (3.10); given by ten times the logarithm to base 10 of the ratip of
angular soyrce energy distribution, Sq (a) (3.10) to the reference value, Sao

S, a
L, (a)F101g 5a(@) | 4 )
SCIO

Note 1 to e:]:ry: The angularsource energy distribution level, Lq(a), is expressed in decibels (dB).

Note 2 to entry: The reference value is given by Sqo =10-12] sr-1,
3.13

iyterpolatled angular source energy distribution level
Ly ()

continuous function in a of the angular source energy distribution level, Lg(@) (3.12), derived by using a
defined interpolation method

Note 1 to entry: The interpolated angular source energy distribution level is expressed in decibels (dB).

3.14

angle alpha

a

angle between the line of fire and the line from the muzzle to the receiver

Note 1 to entry: The angle alpha is expressed in radians in all formulae.

4 © ISO 2018 - All rights reserved
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3.15
angle beta

angle describing the rotation around the line of fire, anticlockwise from the view of the shooter

Note 1 to entry: The angle beta is expressed in radians in all formulae.

3.16
angle gamma

angle describing the inclination of the line of fire from the horizontal plane

Not
Not

3.1]
ang
)

ang

Not
Not
3.14
dir
D(«a

diff
sou

p 1 to entry: The angle gamma is expressed in radians in all formulae.

b 2 to entry: See Figure 3.

y
le delta

le constituted by the projection of angle a on the horizontal plane
1 to entry: The angle delta is expressed in radians in all formulae.
p 2 to entry: See Figure 3.

B
pctivity

brence between the angular source energy distribution level (3.12) of the source under t
'ce energy distribution level of a monopole soirce with the same acoustic source energy

Note¢ 1 to entry: The directivity is expressed in decibels (dB).

3.19

mugzle distance

'm

disfance measured from the muzzle to the microphone point

Note 1 to entry: The muzzle distance is expressed in metres (m).

Note 2 to entry: See Figute,3.

4 (Gun and ammunition

4.1 Gemneral

The information given in 4.2 to 4.6 is needed to unambiguously define the weapon plus a

bst and the

mmunition

combination for which the sound exposure level of the muzzle blast is estimated. All terms have the
meanings given in Reference [14] and Annex A.

4.2

Gun

The following features shall be stated:

©IS

description or brand name;
type of gun (shot gun, rifle, revolver, pistol, etc.);
calibre or gauge;

barrel bore;

02018 - All rights reserved
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— barrel length.

The following feature should be stated:

— number, type and disposition of barrels (side-to-side, superposed, drilling, etc.).
If present, special features such as the following shall be mentioned:

— flame shield;

— muzzle brake.

Special features such as the following should be mentioned:
— choke;
— reload|system.

Figure 1 is|a schematic view and gives the main terms used to describe the gun.

1 2 3 4 5 6

Key

1 stock 7  front sight
2 triggerguard 8 rearsight
3 trigger 9 bolt

4  magazihe (inside) 10 receiver

5 barrel 11 safetylock
6 muzzle 12 bolt handle

Figure ¥ — Main terms used to describe the gun (schematic view)

The main parts of smooth-bore barrel and a rifled barrel are given in Annex A.

4.3 Amimadnition

The following information is needed and shall be stated:
— description or brand name;

— projectile calibre;

— projectile mass.

The following additional information should be given:
— type and mass or chemical energy of propellant;

— type of projectile (ball, sabot, pellets or blank).

6 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=492ce4da7f104d17b1883a7df371853f

1SO 17201-1:2018(E)

In case of shot guns (shot pellets), the following additional information shall be stated:

type, number, size and weight or type-number of pellets.

In case of shot guns (shot pellets), the following additional information should be stated:

total length of the cartridge and the gauge;
type of tube;

type of wad;

Sch
the

Key]

U s W N

sho

type of crimping.

bmatic views of ammunition for rifles, pistols and shotguns are shown in Figure-2, wit
 main components.

projectile (bullet) for rifle 6 tube

projectile (bullet) for-pistol 7  shot pellets

case 8  plastic cylinder

propellant 9 wad

primer 10 case head

E The measurements can be influenced by conditions such as the heating of the barrel durir

ting, the temperature, the humidity and the age of the ammunition.

h names of

g repetitive

4.4

Figure 2 — Schematic view of ammunition

Ballistic parameters

The muzzle speed (speed of the projectile at the muzzle), as a result of a gun/ammunition combination

as s

Oth

NOTE

pecified by the manufacturer, shall be stated.

er available ballistic parameters should be stated.

the speed of the centre of gravity of the cloud of pellets close to the muzzle of a shot gun.

©IS

02018 - All rights reserved

Muzzle speed is a calculated value that corresponds to the speed of the projectile itself for rifles, or to
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4.5 Test

situation

Any object that can cause reflections or shield the muzzle blast shall be mentioned. Such objects can be,
for example, a part of the weapon, the support of the weapon or part of this support. Also, the gunman
can be seen as a part of the weapon system that can shield the muzzle blast. All these elements, which
are commonly used under normal operation of the weapon, shall be present during the measurement
and shall be mentioned in the report. Other circumstances which can affect the noise source data shall
also be reported. The gun shall be positioned as it would be under normal operating conditions. If the
gun is put on a high support and fired with a rope, the shielding effect of the gunman is not taken into
account. Therefore, it should be ensured that the experimental set up is as close to normal operation

conditions

aspassible (see alsg 7.2)
r \Y —J

4.6 Othe

All other if
shall be rej

EXAMPLES
the bar
special

storage

5 Basid

5.1 Gen

b1 features

iformation concerning the test conditions or anything that can affect measuged Source ¢
ported.

rel in use in the case of a combination firearm, if the barrels have differefitfeatures, especially b
features, like muzzle brakes, etc.;

conditions of ammunition (temperature, humidity, duration, etc.))

concept for measurement and analysis

bral

For the mleasurement of the muzzle blast, it is_assumed that radiation of sound is rotation
al around the line of fire. This assumption is used to define spherical coordinates, rp,, @ and 8

symmetrig
which are

As the mu
measure th
it easier to

fentred at the muzzle. The angles arne defined in Clause 3.

yzle blast can be directional, measurements may be carried out on a circle. The goal i
e level and also the directivity pattern. An equal distance between measuring points mea
use interpolation algorithns to get a continuous function for directivity pattern.

The measujrements and the analyses shall yield spectral information in at least octave bands (prefer
in one-third-octave-bands) from 31,5 Hz to 8 kHz.

The calculation method.given in the 5.2 to 5.6 applies to broadband analysis as well as octave-ban
one-third-¢ctave-band danalysis.

lata

ally

5 to
kes

hbly

d or
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4
>
"
_—
L
L
-
-
-
_—
—
_—
—
2 N
1 \ 7 \=
m 3 .
ZL S <

a) Side view

b) Top view
Key)
1 |gun
2 |muzzle
3 microphone
4 line of fire
5 ground plane

NOTE 1 All distances are measured in meters.

NOTE 2 The relation between these angles is given below:

o +tan(y)(hm —hg)

\/rg +cos2 (5)(hm —hg)2

cos (a) = cos(y)cos (6)

© ISO 2018 - All rights reserved 9
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where
p i
I'm

hm

i
i

i

5.2 Qua
The basic

angles o and

For further
Assuming

However, d

depends on 3. The corrections to remove ground reflections are described in 9.2. After the correcti

the sound

5.3 Ang

The angula
level meas

Ly (o
where

Adiv

s the projected distance on the ground plane from the muzzle to the microphone;
s the distance from the muzzle to the microphone;

s the height of the microphone above ground;

s the height of the muzzle of the gun above ground.

Figure 3 — Angles yand §

tity to be measured

quantity to be measured is the sound exposure level measured at a distancej.rny, pnd

(8)

is the time interval, in seconds;

is the reference time interval, Tlo =1s.

notation see Figure 3 and definitions (Clause 3).
fotational symmetry, the sound exposure levelis a function of rp, and « alone.

hlso
bNS,

ue to ground reflections, when measuringiabove ground, the sound exposure level, Lg,

exposure level is assumed to depend-en distance, ry, and angle « only.

1lar source energy distribution level

r source energy distribution levels, Lq(ay), are estimated on the basis of the sound expogure

irements at N discrete angles, ay, at the distance, rp, by:

=Lg (rm 0y )+ AgigArm ) —11dB+ Ay (rm )+ A7 +Agy 9)

is a correction that accounts for the geometric spread:

A —10 m ap . 114dR
\~; 11

lo
TUTE

Aatm

10

“idiv

(10)

5 )

o
withro=1m;

is a correction for air absorption (see ISO 9613-1);
is a correction in order to obtain free field condition (see 9.2 and Reference [15]);

NOTE This reference gives a simple algorithm to calculate the ground reflection of a spheri-
cal wave correctly, as described in Reference [16].

© ISO 2018 - All rights reserved
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Az is used to correct for non-standard meteorological conditions (see 1SO 3741, ISO 3745 and
ISO 9614-3):
BT,
A;=-101g| ——— |dB (11
B,T
with
B is the air pressure under the condition of measurement;

Bp  isthereference air pressure, Bp =1 013 hPa;
T is the temperature under the condition of measurement;

To  isthe reference temperature, To = 296 K.

5.4 Interpolated angular source energy distribution level

In drder to calculate the total source energy and to provide a continttous directivity functipn, a curve
fitting for the angular source energy distribution level is needed. The curve-fitting methodq used shall
desfribe the periodic behaviour of the directivity function.

Theg angular source energy distribution level, Zq (a) ,is obtdined by interpolation and shall He reported
as fpllows:

=q +z a; cos (12)

whére N is the number of terms used to describe Zq (a).

NOTE1  This formulation corresponds te'an approach according to Fourier without Sine terms. As rotational
symmetry is assumed, the Sine terms arezero.

NOTE2  The parameters, aj, carizbe obtained using Fourier Transformation, least-square fits or any other
intefpolation method.

For|an example, see Annex B:

5.5 Source energylevel

The source energy level is calculated from the interpolated angular source energy distribution levels by:

01Lg(ct) .
Lo -—101g—|:'|.ﬁ Oja 0 A% ) sinadf da}dB (13)

Since rotational symmetry is assumed, this can be written as:

Ly =101g21{_[7E 100’1L‘1(a)sinada}dB (14)
a=0

5.6 Directivity

The directivity D(a) of the muzzle blast is given by:

D(et)=L, (r)—(Lg —101g 4mdB) (15)
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6 Measurement site

6.1 Site

The measurement site shall be reasonably level, homogeneous with respect to the ground impedance,
and free of objects that can cause reflections that affect the accuracy of the measurement.

EXAMPLE Examples of homogeneous grounds are:

— concrete,

— water,
— asphaly, and

— grass of sand.

6.2 Weather conditions
The average wind speed at 10 m height shall be less than 3 m/s.

The relative humidity shall be less than 95 %. The background level of*wind-induced sound at|the
microphonle should not be so great that it interferes with the measured signal at any frequency of
interest.

7 Measprement planning

7.1 General remarks

Apart fron] the muzzle blast, the event signal may alseiinclude projectile sound, reflections from objgcts
and from the ground. When planning a measurement, it should be taken into consideration how these
“unwanted” contributions can be separated from-the muzzle blast in the later data analysis. Comm¢nly
used methpds are the following.

a) Windgw technique: This technique is applicable for signals that arrive at the microphone
separTed in time, where the width and position of the window is adjusted in such a way that
only the sound from the muzzle blast can be analysed. It is typically used for reflecting objgcts
and prpjectile sound. In a nfeasurement layout with source and receiver heights that ensure a cJear
separdtion of the direct and the reflected wave from the ground, it can also be used to exclude|the
effect pf ground refleetions. In this case, it is Agr = 0.

b) Ground impedance models: These models are used if the measured signal is a superpositioh of
the difect wave and the reflected wave from the ground. They yield a prediction of the ground
effect based.onrthe reflection of a spherical wave at a complex impedance ground.

Other methads may also be used. The methods used shall be described.

7.2 Gun

The barrel should preferably be horizontal and at least 1,5 m above ground. In some directions, the
projectile sound wave and the muzzle blast can be separated by window techniques. For directions
where this is not possible, the correction may be computed. Projectile sound is also generated by
projectiles from shot guns and pistols as long as the speed of these projectiles is supersonic.

7.3 Measurement position

The measurement positions can be arranged in either a semicircle or a full circle. The angular
increment of angle a should preferably be regular. The angular increment should be 45° or less, see
also Clause 10. One measurement position should be close to the line of fire. Care shall be taken not
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to choose measurement angles too close to the border of the projectile sound region. The difference
in the averaged broadband sound exposure level of the frequency range of interest between adjacent
measuring points shall be smaller than 5 dB. In order to reduce meteorological effects, the distance
between the source and measurement positions should be chosen to be as short as possible.

The microphone should normally be placed at a distance of at least 10 m up to 50 m to ensure that
the peak pressures do not exceed 1 kPa. It should be tested (considering the pressure limit of 1 kPa)
at which distance the prerequisite is fulfilled. By increasing the measurement and source heights, the
time delay between the direct and reflected signals can be increased.

7 4 Moo ciiraniraeini-aocirinnsaind
. MCasurcanremrTyurpincIrT

Soulnd level meters and similar measurement instrumentation shall comply with the requirements for a
clags 1 instrument as specified in IEC 61672-1.

Compliance with additional requirements for the measurement of impulsiveoise is recgmmended.
Such requirements are specified in IEC 61672-1.

If a fligital or analogue recording instrument is used for (intermediate) storage, it shall have ajn adequate
banfdwidth and dynamic range.

Thd measurement equipment, and in particular the measurement)microphones, shall be quitable for
megsurement of high peak sound pressures. The potential tei¢verload the microphones pear to the
trajectory should be taken into account.

7.5 Dealing with projectile sound

Projectile sound occurs when the speed of a projectile’is supersonic. This is typical for rifles, hut can also
be ¢bserved with shotguns and pistols. Projectile’sound only takes place in a distinct region] in front of
the [weapon (the Mach area). The border of the Mach area at the muzzle is defined by the angl¢, &p:

Vo

&y =arc cos(i] (16)
where

vo  isthe projectile speed at the muzzle;
c is the speed.6f’'sound under the conditions of measurement.

For|a measurement/position where a equals &y, the signals from the muzzle sound and th¢ projectile
soupd arrive @t the same time and cannot be separated by time windowing. For mdasurement
angles with‘a)smaller than &y, the projectile sound always arrives first and can be separatled by time
wil{iowing. Care shall be taken not to choose a measurement position too close to the bogder of the

Magh_drea to enable the necessary time gap for a separation. In the case of noise from sh¢tguns, the
timg delay between the projectile sound and muzzle blast can be so small that time windowing or other
techniques cannot be applied. However, the projectile moves with supersonic speed for only a short
distance and its sound can be considered as coming from a point source. Therefore, the simultaneous
inclusion of the projectile’s sound with the muzzle blast is acceptable. An increase of delay between the
two signals may be achieved by increasing the measurement distance for the measurement positions
within the Mach area (for details see ISO 17201-4).

8 Calibration and validation

System calibration shall include the response of all cables, amplifiers and accessories to be used
when actual data are collected. Calibration shall be performed at appropriate times to ensure that
the time-averaged sound pressure level can be measured over the entire dynamic range within the
stated tolerance of the instrument. Acceptable acoustical calibration methods include the use of sound
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calibrators, acoustical shock sources or static pressure devices. Electrical calibration means are
acceptable for field use, provided that acoustical calibration is accomplished before and after field use.
Electrical signals should be applied to the microphone input via a suitable adapter.

The complete measurement chain shall be calibrated by the user at regular intervals and at least before
and after a series of measurements at one frequency at least. The sound calibrator shall fulfil the
requirements for a class 1 sound calibrator as specified in IEC 60942 under the actual environmental
conditions.

The measurement instruments shall be checked regularly and shall be calibrated with traceability to a

national standard.

For furthej

9 Meas

9.1 Gen

At least fiy
measured

are averag
positions. /
should be 1

If the peak
distance s
time/press
corrected.

9.2 Ground reflection correction

There are
necessary

to free-field conditions by applicationswof-another suitable method (see, for example, Annex B). ]

document
described 1§
changed cd

guidance in calibrating for measurement of impulses, see ISO 10843.

urement procedures

bral

re measurements of the sound exposure shall be made at each mierophone position.
alues of ET(a, ry) are averaged arithmetically (which means that'the sound exposure le
bd energetically). It is preferred that simultaneous measuremerits be made at all microph
\lternatively, measurements may be made sequentially but;-a§ a minimum, two microphd
ised with one microphone always remaining at the same¢position.

hall be increased. These peak sound pressure levels should preferably be read from

everal methods to correct for the ground reflection. No corrections for ground reflection
Wwhen windowing techniques are.applied. Otherwise, the resulting levels shall be corre

requires that the method-and the corrections be recorded. If a method other than the
n Annex B is used to detésmine the ground reflection, the value of Agr in Formula (9) sha
rrespondingly.

10 Cont

To determine whether{or not the number of measurement points is sufficient, the following proced
shall be applied.

Step 1: Th¢ source energy level, Lo(1), is calculated using the interpolated angular source eng

ol of measurement layout

The
vels
one
nes

sound pressure level exceeds 154 dB at any of the microphone positions, the measurenjent

the

ure signal, where the error due to limited high-frequency response of the equipment can be

are
ted
Chis
one
1 be

ure

rgy

distributiel levzel o g!'vnn inEormula (121

L -

T
101g| 2 j 10°4(*) 5in g dexr |dB

o=0

where the superscript 1 denotes this procedure.

14
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Step 2: A source energy level, Lg(2), is calculated from the interpolated angular source energy

distribution, S, (@), as follows:

T
LQ(Z):1OIg 2n J- Sq(e)sinada |dB

0 o=0

where the superscript 2 denotes this procedure;

S (@) is obtained with the same interpolation method used for the estimation of Zq (a).

(18)

If th
ang

11

11.
Thd
in a

The
geo
and

e absolute value of the difference between Lo(1) and Lg(2) is 0,4 dB or less, the numberxg
ular directions is considered to be sufficient:

1) _p (@)
‘LQ ~Ly'”|<0,4dB

Measurement uncertainty

1 General

measurement uncertainties associated with the source enengy level and the directivity d
ccordance with this document shall be evaluated, preferably in compliance with ISO/IEC

uncertainties arise in part from variations between.test sites, changes in atmospheric
metry of the environment, acoustical propertiesiof the ground, background noise, an
calibration of instrumentation. They are alsoe due to variations in experimental f{

Fmeasured

(19)

letermined
Fuide 98-3.

conditions,
d the type
echniques,

including the number and location of microphoné-positions, sound source location and orierftation, and

det
clos

The
stat

Gui

11.

Thi
dire

ermination of the corrections. In addition,\uncertainties can occur if measurements ar¢
e to the source; such uncertainties incréase for smaller distances and lower frequencies.

expanded measurement uncertdinty together with the corresponding coverage fact
ed for a coverage probability of 95 % as defined in ISO/IEC Guide 98-3.

lance on how to express th&wuncertainty is given in Annex C.

2 Empirical part

5 document provides two quantities to express the muzzle blast: the source energy l¢
ctivity. The Centribution to the uncertainties from measurement as described aboy

estimated from,the variance, sp? of the directivity:

 taken too

br shall be

vel and its
re shall be

(20)

is the number of repetitive measurements;
is the number of measured directions;

is the measured angular source energy distribution level, j, in direction a;;

is the number of used coefficients in Formula (12) (see 5.4).
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The uncertainty contribution, Ap, of the directivity is given by:

_sD-t(n~m—N,P)

D=

where

Jm

t is the student factor; see Table 1 below;

P is the coverage probability (chosen to be 0,05).

(21)

Table

1 — Distribution of t-values in consideration of the number of degrees of freedom

Number of Coverage probability, P
degrees of o
freedom 0
68,27 95

1,84 12,71

5 1,11 2,57

10 1,05 2,23

20 1,03 2,09

40 1,01 2,02

NOTE See Reference [15].

For the sou
A sp -t(n-m—1,P)
Qe vn-m-1
The uncert
used. They
the sound

guidance op measurement uncertainty.

An exampl

12 Repo

The report

b is given in Annex B.

't

peak soun

All measurfenient quantities shall be specified in SI units.

rce energy level, the equivalent uncertainty contribution is given by

22)

ainty contributions given in Formulae (21) and (22) cover those of the measurement method
shall be supplemented by the un¢ertainty contribution resulting from the measurement of
exposure level, Lg(r,a), and the other quantities given in Formula (9). See Annex C for further

shall documeént the primary data recorded (at least octave-band sound exposure and|the
pressure lével of each shot) and reported, together with a description of the measurenpent
and analysfs conditiens including measurement uncertainty (see Clause 11).

The height of the microphone above ground or relating to the sound source shall be stated.

The way in which the sound from supersonic projectiles and ground reflection have been eliminated, how
the octave-band analysis has been performed, and which corrections were used shall be described. At least
one example of the time/pressure signal for one measurement position shall be shown. The directivity

patterns are given by listing the interpolation coefficient of Formula (12) for each frequency band.

All measurement equipment shall be specified, together with the date and result of the last traceable
calibration. The guns and the ammunition shall be specified, as well as the meteorological conditions
(wind speed, temperature, humidity, air pressure and cloud cover).

16

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=492ce4da7f104d17b1883a7df371853f

A.1l

1SO 17201-1:2018(E)

Annex A
(informative)

Small arms glossary

TOODOTT

Table A.1 — Terms and definitions

No

Term

Definition

A1

action

combined parts of a firearm that determine how a firear
discharged and unloaded

NOTE Most handguns are referredto as "single-action”
action." A single-action firearm(equires the user to m3
back the hammer before the firearm can be discharged
western revolvers). A doubletaction firearm allows the ug
manually cock the hammet or simply pull the trigger an
firearm to cock and release the hammer on its own.

n is loaded,

or "double-
nually pull
like the old
er to either
d allow the

A2

automatic action

firearm that loads,fires and ejects cartridges as long as
is depressed and'there are cartridges available in the feec
(i.e. magazine épyother such mechanism)

NOTE Autoniatic action firearms are machine gunsa.

the trigger
ling system

A3

automatic pistol

commpndbut improperly used term to describe semi-autonpatic pistols

NOTE See semi-automatic action for a description of
pistols operate.

how these

A4

black powder firearms

see muzzle loader (A.1.24)

A1L5

bolt action

firearm, typically a rifle, thatis manually loaded, cocked aijd unloaded

by pulling a bolt mechanism up and back to eject a spef
and load another

NOTE Bolt-action firearms are popular for hunting, targ
and biathlon events. A bolt-action rifle allows the shoote
accuracy, but may be too slow or cumbersome for some shod

t cartridge

et shooting
" maximum
ting sports.

A6

bore diameter

<rifled barrels> minor interior diameter of a barrel w
diameter of a circle formed by the tops of the landsinar

<shotguns> interior dimension of the barrel forward of t
but before the choke

hich is the
fled barrel

he chamber

A7

breech face

part of the breech block which is against the head of th

e cartridge

case or shot shell during feeding and firing

NOTE Breech face is sometimes called breech block face.

A.1.8

calibre

term used to designate the specific cartridges for which a firearm is
chambered

NOTE Itisthe approximate diameter of the circle formed by the tops
of the lands of arifled barrel. It is the numerical term included in the
cartridge name to indicate a rough approximation of the projectile
diameter (i.e. 30 calibre).

A.19

carbine

rifle of short length and light mass, originally designed for horse-
mounted troops

a  Some jurisdictions or countries may regulate the sale and possession of automatic firearms, for example, since
1934 it has been unlawful to sell or possess an automatic firearm without special permission and licensing from the U.S.
Department of the Treasury, in addition to other measures.
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Table A.1 (continued)
No Term Definition

A.1.10 chamber <rifle, shotgun or pistol> part of the barrel bore that has been formed
to accept a specific cartridge or shell
<revolver> holes in the cylinder that have been formed to accept a
specific cartridge

Al111 choke interior constriction at or near the muzzle end of a shotgun barrel for
the purpose of controlling shot dispersion

A1.12 choke margin portion of the choke forward of the greater constriction (see Table A.2)

A.1.13 compensator device attached to the muzzle end of the barrel that utilizes propelling
gases to reduce recoil or noise or both
See also muzzle brake (A.1.25).

A.1.14 cone, forcing tapered lead from the shotgun chamber diameter to the bore diamdter,
tapered lead from the bore diameter to the choke diameter, or tapgred
lead entrance to the bore in the rear of a revolver Barrel

A1.15 explosive charge a quantity of explosive to be set off at one time
NOTE "g TNT" equivalentis a conventionrfor expressing energy, typi-
cally used to describe the energy released in an explosion. 1 g TNT
equivalent is the energy released in the explosion of 1 g of TNT.

A.1.16 firearm assembly of a barrel and actioi\from which a projectile is prope|led
as a a result of combustion

A1.17 gauge term relating to the numbepof bore diameter lead balls weighing [L Ib
NOTE It is a term uséd to identify most shotgun bores, with [the
exception of the 410 shotgun, which has a calibre of 0,410 inchesf.

A.1.18 groove diameter major diameterdn a barrel which is the diameter of a circle circgm-
scripted by the bottom of the grooves in a rifled barrel

A.1.19 grooves see rifling\(A.1.32)

A.1.20 handgun firearfodesigned to be held and fired with one hand

A121 headspace distahce from the face of the closed breech of a firearm to the surface
in the chamber on which the cartridge seats

A.1.22 locked breech action )| any action wherein the breech boltis locked to the barrel or receifer,
through a portion or all of the recoiling motion

A.1.23 machine gun see automatic action (A.1.2)

A.1.24 muzzle loader any firearm loaded through the muzzle
NOTE Also called "black powder" firearms. They may be antique,
replica or of modern design.

A.1.25 muzzle brake device at the muzzle end, usually integral with the barrel, that yses
the emerging gas behind a projectile to reduce recoil; see also cpm-
pensator (A.1.13).

A.1.26 over and under firearm with two barrels one abhave the other

A.1.27 pistol handgun in which the chamber is part of the barrel

A.1.28 pump action firearm that features a movable forearm that is manually actuated
to chamber a round, eject the casing and put another round in posi-
tion to fire

A.1.29 pump gun see pump action (A.1.28)

A.1.30 revolver firearm, usually a handgun, with a cylinder having several chambers

soarranged as to rotate around an axis and be discharged successively
by the same firing mechanism

a  Some jurisdictions or countries may regulate the sale and possession of automatic firearms, for example, since
1934 it has been unlawful to sell or possess an automatic firearm without special permission and licensing from the U.S.
Department of the Treasury, in addition to other measures.
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Table A.1 (continued)

No

Term

Definition

Al131

rifle

firearm having spiral grooves in the bore and designed to be fired

from the shoulder

A1.32

rifling

grooves formed in the bore of firearm barrel to impart rotary motion

to a projectile

A.1.33

semi-automatic

firearm which fires, extracts, ejects and reloads only once for each

pull and release of the trigger

A.1.34

semi-automatic action

firearm in which each pull of the trigger results in a complete firing

cycle, from discharge through reloading

NOTE 1 Itisnecessary thatthe trigger be released and pulled for each
cycle. These firearms are also called "autoloaders! or "s¢lf-loaders."
The discharge and chambering of a round is blow*back opefated, recoil

operated, or gas operated.

NOTE 2 An automatic action firearm leads, discharges and reloads
as long as ammunition is available ahd‘the trigger is d¢pressed. A
semi-automatic firearm only discharges one cartridgq with each

squeeze of the trigger.

A.135

shotgun

smooth bore shoulder firearpi\designed to fire shells corjtaining nu-

merous pellets or a single/slug

A136

twist

distance required for ene complete turn of rifling, usually expressed

as aratio

a  |Some jurisdictions or countries may regulate the sale and“possession of automatic firearms, for ex
193 it has been unlawful to sell or possess an automatic fireaym without special permission and licensing firom the U.S.
Depgartment of the Treasury, in addition to other measures.

hmple, since

Table A.2 — Choke margins in Europe and United States

Choke margin

ChoKe'markings, Europe

Choke markings, Uniteg

d States

Fu1|l choke

*

FC, Full (greatest constric

ion)

Im]l»roved-modified ok Imp. Mod. (less constrictidn)
Mofified ook Mod. (less constriction)
Improved cylinder ook IC, Imp. Cyl. (less constrictjion)
Cylinder CL

Skqet Skeet, Sk (less constrictioi)

Cyljnder bore

Cyl. (least constriction)

NOTE Some fireardrmanufacturers in the United States also use the European system.

A.2 Examples of firearms

A 2 1 C £l 1l 1 Haod £
nkan XL JIMIUULITTUVUI C Udaliciitu 111 Tar 1115
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Figure A.1 — Single-shot shotgun
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2
Q

1
bottom barrel
top barfel '\Q)

S
Figure A.2 — Over-and-under shotgun N -

left barfel (shooter’s view)

right bg

rrel (shooter’s view)

Q@
Figure A.3 — Side-to-&&a’e shotgun

¥

Figure A.5 — Semi-automatic shotgun (locked breech action)
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A.2.2 Combination smoothbore and rifled barrelled firearms

1
2
Key] Q’\Q)
1 |top barrel "1,
N -
2 |bottom barrel N

N
1 [|left barrel (shooter’s view) OA
2 |right barrel (shooter’s view) b

-
.\0

Fig,uCe’A.7 — Side-to-side combination

Figure A.8 — Drilling/three-barrelled gun
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A.2.3 Rifled barrelled firearms

Key
1
2

22

bottom
top bar

barrel
el

Figure A.9 — Single-shot rifle

Figure A.10 — Express d&@le rifle

Figure A.12 — Semi-automatic rifle with blow-back action
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Figure A.13 — Bolt-action rifle

Figure A.16 — Machine gun with locked breech action
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A.2.4 Pistols and revolvers

24

Figure A.17 — Semi-automatic pistol with locked breech action

- =
T ]
., Q

Figure A.19 — Single-action revolver
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1 [bottom right barrel
2 |bottom left barrel

A.2l5 Black powder firearms.

>

O

3~ top lelt barrel
4  top right barrel

Figure A.20 — Multi-barrel handgun N

¥
Figure A\El.o— Double-action revolver
Ol

-
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Figure A.23 — Muzzle-loading pistol
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Figure A.24 — Muzzle-loading revolver

A.3 Barrels
A.3.1 Smooth-bore barrel
L,
4
b 2 3 6]
1\F ‘ Lu [<Xs) a
N b =
g ol At —————— — S ——— | o
A %
= ISR S
Hpd L ) ] ) 1
L c 4 L
PEN
R
Key
1  breech|block) face
2 chambgr
3  forcing|cone
4 choke
5 mobilechoke
a  [tis badic.
b Ttis hegdspace dimension.
¢ Itis thgmanufacturer’s dimension.
1D Definitions Notes
D First chamber diameter
H Second chamber diameter
L Chamber length
B Bore diameter
C Choke diameter C = B - constriction value
L¢ Barrel length
E, E1 |External diameter

Figure A.25 — Smooth-bore barrel
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A.3.2 Rifled barrel
L C
L 4
d 3
1 2 L tr 3 S oo o\limimiw:r
\ \ % i D V |
SR = "QT_ 1= F———— ——= ____7/:'—:_
L 3 - } F )7 |
1 2 ~ LL]H I C— ._qzb_
L g ol
A7
Ly é’// % :
L,c N
T
b

Key
1 |breech (block) face 3~~chamber lead
2 |chamber 4 muzzle brake or flash hider or any muzzle device
a |Itis basic.
b

It is headspace dimension.

[t is the manufacturer’s dimension.

ID Definitions
D First chamber diameter
D1 Second chamber diameter
L Chamber length
L1 Distance of D from barrel rear end face
Ly Distance between chamber diameters (D, D1)
H Basic shoulder diameter
L3 Distance of H from barrel rear end face
Ler Chamber lead length
F Bore diameter
Z Groove diameter
b Groove width
Number of grooves
Twist
Groove area
Lc Barrel length
E E1 External diameter

© ISO 2018 - All rights reserved

Figure A.26 — Rifled barrel
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Annex B
(informative)

Example

B.1 Measu;ement—posi-l-iens—ll
The muzzlp blast of a shotgun using a 0,67 m full-choked barrel and a charge of 24 g of lead pellets
was measyred. The gun was mounted on a vice in such a way that the muzzle was positioned within
1,5 m * 0,3 m above ground. The % inch microphones were positioned on a semicircle at a distgnce
of 10 m, atla height of 1,5 m above ground, using a microphone orientation for grazing incidence. [The
ammunitign was manufactured in such a way that the average pellet speed at the muizzle was 400 ;E/s.
The ammuition was stored under standard conditions in an air-conditioned container. The angle of
the line of fire with the ground was equal to zero.
The anguldr increment was chosen to be 30°. From the semi-circular arraypattern, the 0 ° microphone
was furthelr displaced 0,25 m perpendicular to the line of fire. The distance’of all positions was chegked
using blanks from a revolver. The microphone position was adapted until the muzzle blast signgl of
the blank gdhowed the same time delay as the signal for the zero position. Additionally, the 15° position
was measyred. Microphones were placed at angles 0°, 15°, 30°, 60°, 90°, 120°, 150° and 180° from|the
direction df the fire, subtended at the muzzle. The muzzle is located in the centre.
B.2 Medsured data
The data gjven in Table B.1 were obtained from theymeasured sound pressure using Fourier transfprm
to obtain the following frequency bands.
Table B.1 — Measured Z-weighted angular sound exposure level in decibels
Angle 31,5 63 125 250 500 1000 2000 4000 8000
degrees Hz Hz Hz Hz Hz Hz Hz Hz Hz

0 90,6 96,9 98,2 1079 112,5 112,5 113,8 112,4 109)7

0 88,0 95,3 94,9 108,5 112,3 113,7 111,7 110,3 1079

0 879 96,7 101,0 103,8 111,3 112,8 114,2 111,7 1083

0 89,2 97,8 100,3 107,2 113,2 114,3 111,8 112,6 1078

0 88,1 97,8 101,9 104,0 111,7 114,1 1119 109,7 10640

15 87,6 96,4 102,1 99,3 105,7 111,3 106,3 105,0 103)8

15 86,4 95,6 101,5 97,9 106,2 110,6 108,5 106,0 1039

15 86,5 95,7 102,3 101,3 105,8 109,4 107,6 103,9 102,9

15 871 96,5 102,2 99,9 105,3 112,8 107,7 104,7 104,4

15 87,0 96,0 102,2 100,7 104,2 109,3 106,4 105,3 101,4

30 85,0 93,9 101,1 101,1 108,6 108,2 105,1 99,4 97,2

30 84,9 93,7 100,9 101,0 109,4 106,7 102,9 99,3 95,2

30 84,9 94,0 101,1 101,2 109,0 108,3 104,8 100,9 97,6

30 84,8 94,1 101,2 100,9 108,9 108,4 102,9 102,0 100,3

30 85,4 94,0 101,0 100,6 108,3 108,9 103,5 101,0 94,5

60 78,5 88,3 95,8 95,4 98,6 100,3 99,3 98,5 94,7

60 78,8 87,8 95,5 95,2 98,4 99,7 98,8 96,2 94,0
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Table B.1 (continued)

1SO 17201-1:2018(E)

Angle 31,5 63 125 250 500 1000 2000 4000 8000
degrees Hz Hz Hz Hz Hz Hz Hz Hz Hz
60 79,4 88,2 95,5 95,4 99,4 98,6 100,5 97,5 93,1
60 78,8 87,7 95,4 95,0 99,5 98,9 98,7 96,5 94,2
60 78,9 88,4 95,5 94,9 98,9 98,7 99,3 98,1 95,2
90 72,9 83,3 89,9 88,2 96,9 96,2 95,9 93,3 90,5
90 74,1 82,9 90,1 88,3 96,6 96,5 94,0 93,2 89,7
90 72,9 83,5 90,1 879 96,6 96,2 94,6 91,5 91,0
90 73,3 83,8 90,5 88,3 97,2 96,9 95,8 92,3 90,6
90 73,0 83,6 90,1 88,1 96,3 95,7 93,7 91,3 90,8
120 68,9 78,6 85,1 83,7 92,3 92,1 91,3 91,5 89,4
120 69,1 79,5 85,5 84,1 91,9 92,8 97 91,1 89,0
120 70,7 79,7 85,3 84,0 92,0 92,4 92,4 92,1 89,8
120 71,2 80,1 85,5 84,1 92,0 91,6 89,2 92,1 89,2
120 71,3 80,0 85,3 83,8 91,8 93,2 92,7 92,7 89,1
150 64,9 75,1 82,1 84,0 88,7 87,5 86,9 82,6 78,2
150 67,9 77,0 82,4 83,9 88,2 87,8 87,5 85,6 80,0
150 67,5 76,8 82,0 83,4 86,3 87,8 89,5 87,0 87,0
150 67,3 77,6 82,9 84,0 38,4 87,7 871 84,3 81,2
150 659 77,0 82,5 84,0 87,8 88,4 87,8 87,6 85,0
180 63,3 74,5 80,8 79,5 90,6 90,5 91,5 86,5 86,3
180 63,8 74,0 80,7 810 88,2 90,8 89,5 86,3 84,6
180 64,5 74,3 81,1 81,5 87,4 88,4 89,7 84,7 82,9
180 64,4 75,8 81,3 81,1 89,5 91,5 89,3 89,6 86,2
180 63,0 74,6 814 81,8 88,0 90,0 90,8 88,4 85,0
B.3 Removal of projectile sound
Thg sound pressures at 0°)15° and 60° are depicted in Figure B.1. The time shift between the projectile
soupd and the muzzleblast for each of these signals is smaller than 2 ms. Because of the small time shift
timp windowing dee€s’not work. Therefore no correction was taken.
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Figyre B.1 — Measured sound pressure at 0°, 15° and 60° for 0,67 m.chocked barrel,
24 g pellets, muzzle speed 400 m/s
B.4 RerIoval of ground reflection
The ground effect was corrected by the values given in Table B.2, derived from the measured impeddnce
at the site gfter the measurements were performed. The interference minimum was measured. Varying
the flow rdsistance and the penetration depth in a sound ptropagation model, based on Reference [15]
the ground impedance was obtained.
Table B.2 — Correction for ground reflection
Frequency,|Hz 31,5 63 125 250 500 1000 | 2000 | 4000 | 80pO
Ground ref]ection, dB -5,2 -5,2 -3,4 2,7 -1,5 -1,5 -1,1 0,9 0,9
NOTE See Reference [15].
B.5 Corrected measurement data
The measulred data were averdged and corrected for the ground reflection (see Table B.3):
Thble B.3 —-Averaged A-weighted levels after the removal of ground reflection
Direction |Averaged| 31,5Hz | 63 Hz | 125Hz | 250 Hz | 500 Hz 1000 Hz|2 000 Hz|4 000 Hz |8 00q Hz
angle levels
degrees dB dB dB dB dB dB dB dB dB dH
0 118,0 83,7 91,8 96,5 109,4 110,8 112,0 111,7 110,6 108,7
15 1129 81,6 90,8 98,8 102,4 103,8 109,2 105,9 103,6 103,5
30 110,7 79,7 88,6 97,5 103,8 107,5 106,4 102,7 99,6 97,8
60 104,1 73,5 82,7 92,0 97,6 97,2 97,6 98,1 96,4 94,8
90 100,3 67,9 78,1 86,6 90,7 95,2 94,8 93,7 91,4 91,1
120 97,5 65,1 74,3 81,8 86,6 90,3 90,8 90,4 90,9 89,8
150 92,9 61,5 71,5 78,9 86,5 86,4 86,4 86,8 84,8 84,0
180 94,8 58,7 69,5 77,7 83,8 87,4 88,8 89,1 86,5 85,7
30 © ISO 2018 - All rights reserved
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